A novel series of Dion-Jacobson type layered perovskite RbLaNb 2-2x 
Introduction
In modern society, water pollution by organic and inorganic contaminants has attracted a widespread public concern. A typical group of organic contaminants is the phenol and the derivative such as benzenetriol, chlorophenol and catechol [1] [2] [3] [4] . These compounds are some of the most refractory contaminants and are transformed or degraded very slowly by natural processes. Phenol and its derivatives are widespread used in agriculture, petrochemical and the production of textile, paint, plastic, pesticides and dyes. Due to their high stability, environmental toxicity, and bio-accumulation nature, these compounds are potential hazards to human health and the aquatic ecosystem [5] [6] [7] . An ideal water treatment process should be able to mineralize all the toxic species without leaving any hazardous residues and also be cost-effective 6) . So far, none of the conventional treatment technology, such as biological * Corresponding author E-mail: takei@yamanashi.ac.jp degradation, chlorination, incineration, solvent extraction, air stripping, adsorption by granulated activated carbon and membrane separation process could approach this ideal criterion [8] [9] [10] [11] [12] . Heterogeneous photocatalytic system has been proposed as an alternative for the treatment of organic pollutants in recent years since the report of the n-doped TiO 2 photoelectrode under ultraviolet light. The advantages of photocatalysis include low operation temperature, low cost and significantly low energy consumption, which have led the relevant application of photocatalysis to the stage of commercialization. Discovery of new and high efficient photocatalytic metal-oxides to convert solar energy into chemical fuels has great importance. Among the many explored photocatalysts, layered metal-oxides have shown much promise in exhibiting some of the highest photocatalytic rates and quantum efficiencies for the degradation of organics, including 20, 21) . The Dion-Jacobson series of layered perovskites has one interlayer cation per formula unit 22, 23) . Ruddlesden-Popper phases A ' 2 (A n-1 B n O 3n+1 ) have two interlayer cations per formula unit and possess twice the interlayer charge density of the Dion-Jacobson phases 24, 25) . Such perovskite structure has capable of undergoing substitution reaction with other elements which have similar ionic radius to cation in B site. The substitution sometimes gives change of the band structure. In the case of niobate (Nb in B site), titanium and tungsten are strong candidates for the substituent to the A'A n-1 Nb n O 3n+1 because of their similar ionic radii. In this work, RbLaNb 2-2x Ti x W x O 7 (x=0 0.1, and 0.2 respectively) and KCa 2 Nb 3-2x Ti x W x O 10 (x=0 0.15, and 0.3 respectively) have been synthesized and the products were characterized by X-ray diffraction and ultra-violet-visible spectra. The influence of the partial substitution of Nb and W on the photo-catalytic activity of pure RbLaNb 2 O 7 was evaluated using the degradation of phenol. 
Experimental

Synthesis and characterization
Photocatalysis Measurements
by powder Xray diffraction with monochromated CuK radiation (RINT2000, Rigaku). The samples were examined for their optical band gap by UV-vis spectra (V-550, Jasco)
The photocatalytic activity was evaluated by the phenol degradation. For consideration of practical application, Xe light was used as irradiation resource. Phenol aqueous solution at a concentration of 20 ppm was prepared from ultrapure water, and the sample was put into the phenol solution at a concentration of 3 g/L. Solution was stirred in dark condition (no irradiation of visible light) for 1 hour to examine the adsorption balance of phenol. After 1 hour, the solution was irradiated by ultraviolet light from 300 W Xe lamp (UXR-300DU, Ushio Inc.). The solution of 2 milliliters was extracted at 30, 60, 90, 120, 150, 180, 210 and 240 min of elapsed time.
The concentration of phenol in solution was measured by high performance liquid chromatography (co-2065, Jasco). Fig. 1 (a) . octahedron sheet overlapped with linking at shared oxygen within one perovskite slab. There are some impurity peaks in these patterns. In addition, ratio of the diffraction intensities seems to change on the substitution. These changes may results from the orientation of the crystallite. Thus, the substitution treatment into KCa 2 Nb 3 O 10 posed generation of a small amount of impurities and/or change of the particle shape of the matrix phase. Fig.4 (a) shows the UV-vis spectra of RbLaNb 2 O 7 and relatives, these UV-vis spectra shows steep absorption edge at around 350-400nm in wavelength. From Tauc plots (Fig. 4  (b) ) we can see the estimated band gap energies at X-intercept. Fig.5 (a) shows the UV-vis spectra of KCa 2 Nb 3 O 10 and relatives. In these spectra, absorption by interfacial change transfer (IFCT) emerges or substitution of Ti and W for Nb. Such IFCT can be regarded as a collateral evidence for the existence of the impurity phase.
Results and Discussion
Preparation of partially-Substituted Layered Perovskites
Optical Band Gap and Photocatalytic Activities
From Tauc plots (Fig. 5 (b) Fig. 6 (b) , which is around 1 ppm decrease than initial concentration. The concentration of benzentriol and catechol increased apparently. It is indicated that the substitution of Ca 2+ for La 3+ in the A site has no effect for phenol degradation. These results can be plausibly considered as follows. Valence band composed of O 2p distributes generally at around +3 eV, and the conduction band is probably at around 0 eV or higher estimated from the band gap of 3.2 eV. The substitution of Ti and W results in narrowing the band gap by shifting with 0.1 eV the conduction band downward. Such narrowing band gap may provide acceleration of electron excitation. The hole which the normalized concentration of phenol is 0.9 after irradiation for 4 hours. 
